Menopause is the permanent cessation of menstruation due to loss of ovarian function. This transition is gradual which takes place over a period of time from the reproductive to non-reproductive phase of life. The transition from pre- to post-menopause is often associated with the emergence of metabolic syndrome features. These risk factors perse may be due to the direct result of ovarian failure or an indirect result of the metabolic consequences of central fat redistribution with estrogen deficiency.\[[@ref1]--[@ref3]\]

Menopause is associated with reduced physical activity and energy expenditure, an accelerated loss of fat free mass, alteration of adipose tissue metabolism, and fat oxidation. This deregulation of energy metabolism could induce an increase in total adiposity and a redistribution of fat in the abdominal region in postmenopausal women (PMW).\[[@ref4]--[@ref9]\] The distribution of adipose tissue in different anatomic depots also has substantial implication for morbidity. Specifically, intra-abdominal and abdominal subcutaneous fat has more significance than subcutaneous fat in the buttocks and lower extremities. Many of the complications of obesity, such as insulin resistance, diabetes, hypertension, hyperlipidemia, and hyperandrogenism in women, are linked more strongly to intra-abdominal or upper body fat than to overall adiposity.\[[@ref9]--[@ref12]\] Increased body fat percentage causes marked sympathetic activation and vagal inhibition leading to autonomic dysfunction.\[[@ref13]\]

The altered sympatho-vagal activity has an additional adverse effect on health. As life expectancy increases, women in general experience a longer life after menopause. 60 million women in India are above the age of 55 years. Hence, there is a need to understand the effect of obesity and autonomic function in PMW. Early detection of subclinical autonomic dysfunction therefore will improve the quality of life by proper medication and lifestyle modification.\[[@ref14][@ref15]\]

MATERIALS AND METHODS {#sec1-1}
=====================

A total of 60 PMW without any gross systemic disease who were evenly matched for age and menopausal duration were selected. The physical and physiological parameters were recorded using weighing machine, height stands, 4 channel physiograph polyrite-D, timer, handgrip dynamometer, and sphygmomanometer.

Methods {#sec2-1}
-------

### Inclusion criteria {#sec3-1}

Only those subjects who were normotensive, without any gross systemic disease and non-smoker and who could abstain from caffeine-containing beverages, drugs, hormone replacement therapy, and alcohol during the study were taken.\[[@ref9]\]

### Exclusion criteria {#sec3-2}

Tachycardia, cardiac arrhythmias, presence of hypertension, diabetes, ischemic heart disease, retinopathy, nephropathy and the presence of a chronic disease or associated factors that may affect the autonomic reflexes were excluded.\[[@ref9]\]

On first appointment, particulars of the subject and history were carefully recorded, thorough general physical examinations was done, and consent was taken. They were instructed to avoid smoking, drinking coffee, or consuming any drugs that may alter the autonomic functions (48 h prior to the test). The tests were performed in the research laboratory in the Department of Physiology of a tertiary care hospital in Pune.

### Anthropometry {#sec3-3}

(a)Body weight: A digital weighing scale was used to measure body weight with an accuracy of ± 100 g. Subjects were weighed without their shoes(b)Height: Standing body height was measured without shoes to the nearest 0.5 cm with the use of height stand with shoulders in relaxed position and arms hanging freely(c)Body mass index: Body Mass Index (BMI) was calculated as body weight in kilograms divided by square of body height in meters.\[[@ref1]\] Those subjects with BMI greater than 25 were categorized as obese and those with BMI less than 25 as Non-Obese.\[[@ref14]\] Among the 60 individuals, 24 were found to be Obese and 36 were Non-Obese(d)Waist/hip ratio: Waist/Hip Ratio (WHR) of these subjects were measured. Waist circumference was measured at the level of the iliac crest and hip circumference at the fullest point around buttocks. Waist circumference was divided by hip circumference in order to calculate the WHR. WHR \> 0.9 was considered to be Obese.\[[@ref15]\]

24 of our subjects were found to have BMI \> 25, WHR \> 0.9 and 36 were found to have BMI \< 25, WHR \< 0.9.

### Determination of resting heart rate (RHR) {#sec3-4}

Apparatus: Polyrite-D.

Lead II of the ECG was selected for recording heart rate. Tracing speed used was 30 mm/s. Heart rate was recorded in the supine position by the conventional method during normal quiet breathing for a period of 1 min. The ECG tracings were screened for any suspected pathological waveform configuration.\[[@ref15][@ref16]\]

Tests for autonomic function {#sec2-2}
----------------------------

### Tests reflecting cardiac parasympathetic functions {#sec3-5}

Heart rate response to postural change (30:15 ratio)Heart rate variation during deep breathingHeart rate response to valsalva maneuver (VR)

### Tests reflecting sympathetic functions {#sec3-6}

Blood pressure response to postural change (orthostatic tolerance test (OTT))Blood pressure response to sustained isometric handgrip (IHG)

The subjects were made to rest for 15 min in the supine position. The resting time given to subjects in between two tests was 5 to 10 min.

Heart rate response to postural change (30:15 ratio) {#sec2-3}
----------------------------------------------------

After a complete rest of 15 min in the supine position, the ECG recording was started. The subject was instructed to stand erect from the supine position as quickly as possible (within 3 s) with continuous ECG recording for at least 30 s.\[[@ref15][@ref16]\]

The ratio of the longest RR around 30th beat after standing to the shortest RR interval around 15th beat after standing were calculated for result of 30:15 ratio:\[[@ref15][@ref16]\] Normal ≥1.04, Abnormal ≤1.00

### Heart rate variation during deep breathing {#sec3-7}

The subject was instructed to take deep inspiration over 5 s and followed by expiration over next 5 s completing six respiratory cycles in 1 min (six cycles were repeated in 1 min in this test). The inspiratory and expiratory timing were synchronized by looking at the observer\'s finger moving rhythmically up and down with the timer.\[[@ref16]\]

The mean of the minimum RR intervals in the six inspiratory cycles was calculated and heart rate determined. Also the mean of the maximum RR interval in the six expiratory cycles of the same tracing were calculated for heart rate during expiration. The difference of the heart rate between the maximum in the inspiratory cycle and the minimum in the expiratory cycles was calculated and was used as result of the test Normal ≥15 beats/min.\[[@ref17]\]

### Heart rate response to valsalva maneuver {#sec3-8}

The subject was instructed to exhale forcefully through the mouth piece of a modified mercurial sphygmomanometer and to maintain pressure in the manometer up to 40 mmHg for 15 s. ECG recording were taken during the maneuver and continued for about 30 s after the performance.\[[@ref15]--[@ref17]\]

The ratio of the longest RR interval after blowing to the shortest RR interval during blowing was calculated: Normal ≥1.21, Abnormal ≤1.1\[[@ref16]\]

### Orthostatic tolerance test {#sec3-9}

Apparatus: mercurial sphygmomanometer, stethoscope.

Basal blood pressure was recorded. Then the patient was asked to stand up and the blood pressure was recorded immediately.\[[@ref16]\]

The difference of the systolic blood pressures between the one recorded during lying supine and in erect posture was calculated. The fall in systolic pressure was used as the result of the OTT.

Normal: 10 mmHg or less, Borderline: 11--29, Abnormal: 30 mmHg or more.

### Blood pressure response to sustained isometric handgrip {#sec3-10}

Apparatus: mercurial sphygmomanometer, stethoscope and handgrip dynamometer.

The subject was asked to perform maximum grip of the handgrip dynamometer with his dominant hand and the maximum capacity was noted down. After 5 min in the sitting position, the subject was asked to hold his grip with 30% of the maximum capacity for 5 min and the blood pressure was recorded just after release of the grip.

Calculation: The rise in diastolic blood pressure was calculated and taken as the result of IHG test.\[[@ref16]\]

Normal: 16 mmHg or more, Borderline: 11--15 mm, Abnormal: 10 mmHg or less

All the mean values of all parameters of both groups were arranged in tabular form and spastically analyzed using Student\'s *t*-test and Pearson\'s correlation coefficient test (*P* value \<0.05 ^\*^ significant, *P* value \<0.01^\*\*^ highly significant).\[[@ref18]\]

No significant changes in resting pulse rate and casual blood pressure were found between the two groups.

RESULTS {#sec1-2}
=======

Results showed significant differences in BMI, Waist/Hip Ratio, VR, Deep breath test, 30:15 R-R ratios, OTT & IHG Tests between the two groups. Markers of obesity were negatively correlated with autonomic function tests.

DISCUSSION {#sec1-3}
==========

Women with the metabolic syndrome (central obesity, insulin resistance, and dyslipidemia) are known to be at especially high risk for cardiovascular disease (CVD). The prevalence of the metabolic syndrome increases with menopause and may partially explain the apparent acceleration in CVD after menopause.\[[@ref1]\] The values of BMI for the Asian population have been reset as their body composition is different from that of the western world.\[[@ref14]\] Recent comparative studies have shown that Indians have a higher percentage of body fat for a given BMI compared with the white Caucasians and African-Americans but have a lower muscle mass. Body composition of Indians is partly responsible for their higher insulin resistance. In the present study, subjects with BMI greater than 25 were categorized into Obese and those with BMI less than 25 as Non-Obese.\[[@ref14]\]

WHRs \> 0.9 in women and \> 1 in men are considered abnormal. Many of the important complications of obesity, insulin resistance, diabetes, hypertension, hyperlipidemia, and hyperandrogenism in women are linked strongly to intra-abdominal or upper body fat than to overall adiposity. WHR has been found to be more predictive than BMI in most studies.\[[@ref15]\] An increase in body fat percentage with menopause has been reported by many workers.\[[@ref1][@ref4][@ref7]--[@ref10][@ref12]\] Heart rate variation is reported to be reduced in obese individuals. Human obesity is characterized by marked sympathetic activation. A 10% increase in body weight above an individual\'s usual weight is accompanied with a decrease in parasympathetic activity.\[[@ref13]\] This effect of increased weight is one mechanism for cardiac alterations such as arrhythmias that accompany obesity.

Leptin is an anorexigenic hormone that influences the feeding and satiety centers in hypothalamus. At one time it was assumed that adipocytes are the sole site of leptin production and release. Evidence from studies in experimental animals and human now indicates that leptin is also derived from non-adipose sites, one of these being the brain.\[[@ref10]\] Leptin and the sympathoadrenal system appear to be intimately linked. It has been suggested that there may be a two-way interaction between leptin and sympathetic nervous system, perhaps constituting a regulatory feedback loop, with leptin acting within the hypothalamus to cause activation of the central sympathetic outflow and stimulation of adrenal medullary release of epinephrine, and conversely, with the sympathetic nervous system inhibiting leptin release from white adipose tissue.\[[@ref10][@ref19][@ref20]\]

In this study, obese subjects had significantly lower autonomic functions as compared to non-obese subjects. Similar results were reported by Tetsuya Kimura *et al*.\[[@ref8]\] Epidemiological data shows that women below 50 years rarely develop CVD, but the incidence is equal in men and women around 70 years of age. Menopause may result in endothelial dysfunction and increase body weight and type II diabetes that causes increase sympathetic activation.\[[@ref1]\]

Decreased baroreflex sensitivity also appears with increasing body mass. Obese humans have decreased responsiveness to sympathetic stimulation and down regulatedβ receptors in white adipose tissue. Gaining weight combines regularly with metabolic changes revealing adaptation processes towards "resistance" of feedback loops involved especially in organ systems ensuring supply and utilization of energy.\[[@ref21]\]

Thus, this study implies that the altered sympatho-vagal activity has an additional adverse effect on health and ultimately on the quality of life in obese PMW \[[Figure 1](#F1){ref-type="fig"} and Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}\].

![Shows the mean values of VR, DBD, 30:15 R‑R intervals ratio, OTT and IHG test in non‑obese and obese individuals](IPJ-21-39-g001){#F1}

###### 

The average values of BMI, waist/Hip ratio, valsalva ratio, deep breath test, 30:15 R-R intervals ratio, OTT, IHG test of non-obese and obese postmenopausal subjects are shown
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###### 

Shows of correlation of BMI and autonomic function tests
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###### 

Shows of correlation of waist/hip ratio and autonomic function tests
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Dietary modifications, exercise, and yoga may improve autonomic functions in PMW by reducing body fat and weight.\[[@ref3][@ref21]\] Further studies with larger samples of population and using MRI or bioelectric impedance analyzer for measuring body fat percentage may prove useful.\[[@ref7][@ref8]\]
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